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(57) ABSTRACT

Ferromagnetic user interfaces are described. In embodi-
ments, user interface devices are described that can detect the
location of movement on a user-touchable portion by sensing
movement of a ferromagnetic material. In some embodiments
sensors are arranged in a two dimensional array, and the user
interface device can determine the location of the movement
in a plane substantially parallel to the two-dimensional array
and the acceleration of movement substantially perpendicular
to the two-dimensional array. In other embodiments, user
interface devices are described that can cause a raised surface
region to be formed on a ferrofluid layer of a user-touchable
portion, which is detectable by the touch of a user. Embodi-
ments describe how the raised surface region can be moved on
the ferrofluid layer. Embodiments also describe how the
raised surface region can be caused to vibrate.
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FERROMAGNETIC USER INTERFACES
BACKGROUND

[0001] User interface devices enable users to interact with
and control computing-based devices. One type of user inter-
face utilizes touch input from a user’s fingers to interact with
the computer. For example, a touch-pad (also called a track-
pad) is commonly provided on a notebook computer, such
that, by drawing their finger over the touch-pad the user can
control the position of a cursor on a display. Such touch-pads
can determine the position of the user’s finger by detecting
localized capacitance changes when a finger (acting as a
virtual ground) is brought into contact with the touch-pad.
[0002] Touch-based user interfaces (such as a touch-pad)
generally provide a hard, continuous surface with which the
user interacts to provide input to the computer. Such devices
are only able to sense the location of the user’s touch on the
surface of the user interface, and are not able to sense any
information in other spatial directions. In addition, user inter-
face devices which use capacitive sensing require the pres-
ence of a finger acting as a virtual ground to operate, and do
notoperate if the user is, for example, wearing gloves orusing
an implement such as a stylus. Furthermore, the user of such
a touch-based user interface does not feel any physical or
haptic feedback, resulting in a disconnection from the process
of interacting with the computer.

[0003] The embodiments described below are not limited
to implementations which solve any or all of the disadvan-
tages of known user interface devices.

SUMMARY

[0004] The following presents a simplified summary of the
disclosure in order to provide a basic understanding to the
reader. This summary is not an extensive overview of the
disclosure and it does not identify key/critical elements of the
invention or delineate the scope of the invention. Its sole
purpose is to present some concepts disclosed herein in a
simplified form as a prelude to the more detailed description
that is presented later.

[0005] Ferromagnetic user interfaces are described. In
embodiments, user interface devices are described that can
detect the location of movement on a user-touchable portion
by sensing movement of a ferromagnetic material. In some
embodiments sensors are arranged in a two dimensional
array, and the user interface device can determine the location
of the movement in a plane substantially parallel to the two-
dimensional array and the acceleration of movement substan-
tially perpendicular to the two-dimensional array. In other
embodiments, user interface devices are described that can
cause araised surface region to be formed on a ferrofiuid layer
of a user-touchable portion, which is detectable by the touch
of a user. Embodiments describe how the raised surface
region can be moved on the ferrofluid layer. Embodiments
also describe how the raised surface region can be caused to
vibrate.

[0006] Many of the attendant features will be more readily
appreciated as the same becomes better understood by refer-
ence to the following detailed description considered in con-
nection with the accompanying drawings.

DESCRIPTION OF THE DRAWINGS

[0007] The present description will be better understood
from the following detailed description read in light of the
accompanying drawings, wherein:
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[0008] FIG. 1 shows a user interface device for detecting
touch input based on the movement of ferromagnetic fluid;

[0009] FIG. 2 shows a plan view of a two-dimensional
sensor array;
[0010] FIG. 3 shows a plan view of an alternative two-

dimensional sensor array;

[0011] FIG. 4 shows a schematic diagram of a circuit for
connection to the touch input user interface device;

[0012] FIG. 5 shows a user interface device for detecting
touch input based on the movement of ferromagnetic ball
bearings;

[0013] FIG. 6 shows a user interface device for detecting
touch input based on the movement of ferromagnetic bristles;
[0014] FIG. 7 shows a user interface device for detecting
touch input based on the movement of ferromagnetic filings;
[0015] FIG. 8 shows a user interface device for providing
haptic feedback;

[0016] FIG. 9 shows a plan view of a two-dimensional
electrically switchable magnet array;

[0017] FIG. 10 shows an alternative plan view of a two-
dimensional electrically switchable magnet array;

[0018] FIG. 11 shows a schematic diagram of a circuit for
connection to the haptic feedback user interface device;
[0019] FIG. 12 shows a user interface device for providing
haptic feedback with a raised surface region;

[0020] FIG. 13 shows a user interface device for providing
haptic feedback using shared-core magnets;

[0021] FIG. 14 shows a combined user interface device for
detecting touch input and providing haptic feedback;

[0022] FIG. 15 shows a plan view of a two-dimensional
array of sensors and electrically switchable magnet using
shared cores;

[0023] FIG. 16 shows a plan view of a two-dimensional
array of interleaved sensors and electrically switchable mag-
nets; and

[0024] FIG. 17 shows an exemplary computing-based
device in which embodiments of a ferromagnetic user inter-
face may be implemented.

[0025] Like reference numerals are used to designate like
parts in the accompanying drawings.

DETAILED DESCRIPTION

[0026] The detailed description provided below in connec-
tion with the appended drawings is intended as a description
of the present examples and is not intended to represent the
only forms in which the present example may be constructed
or utilized. The description sets forth the functions of the
example and the sequence of steps for constructing and oper-
ating the example. However, the same or equivalent functions
and sequences may be accomplished by different examples.

[0027] Although the present examples are described and
illustrated herein as being implemented in a computing sys-
tem, the system described is provided as an example and not
a limitation. As those skilled in the art will appreciate, the
present examples are suitable for application in a variety of
different types of systems requiring touch-based user inter-
faces.

[0028] FIG. 1 illustrates an example user interface device
100 that detects touch input from a user based on the move-
ment of ferromagnetic material. The user interface device 100
comprises a user-touchable portion 101, below which is a
plurality of sensors 102. The sensors 102 shown in the
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example of FIG. 1 are in the form of “pick-up” coils, each
comprising a permanent magnet core 103 around which is
wound a coil of wire 104.

[0029] The user-touchable portion 101 comprises a ferro-
magnetic fluid layer 105 located between a compliant, flex-
ible membrane 106 forming the surface of the user-touchable
portion 101, and a base layer 107. The base layer 107 can be
formed from the same compliant material as the flexible
membrane 106, or can be formed from a different, more rigid
material.

[0030] Inthe example shown in FIG. 1, the user-touchable
portion 101 is mounted directly on top of the sensors 102. In
other examples, a gap can be present between the user-touch-
able portion 101 and the sensors 102, or other hardware can be
located between the user-touchable portion 101 and the sen-
sors 102.

[0031] The ferromagnetic fluid layer 105 can contain any
fluid that is capable of sufficiently influencing a magnetic
field. The term ferromagnetic is used here in the broad sense
of'a material that can experience magnetization, i.e. the mate-
rial is attracted by a magnetic field. The term ferromagnetic is
therefore intended to also include materials that exhibit
behaviors including (but not limited to) ferrimagnetism, anti-
ferromagnetism, and paramagnetism.

[0032] In one example, the ferromagnetic fluid layer 105
can contain ferrofiuid. Ferrofiuid is a colloidal mixture com-
prising nanometer scale ferromagnetic particles suspended in
a carrier fluid. The particles are held in suspension by the
effects of Brownian motion, and do not settle. The ferromag-
netic particles are coated with a surfactant to prevent their
agglomeration.

[0033] In another example, the ferromagnetic fluid layer
105 can contain magnetorheological fluid. A magnetorheo-
logical fluid is a suspension of micrometer-scale ferromag-
netic particles in a carrier fluid, typically an oil. Both ferrof-
luids and magnetorheological fluids are capable of disturbing
the magnetic field from the permanent magnet 103, as
described below.

[0034] Theplurality of sensors 102 can be arranged in a two
dimensional array 200, as illustrated in the example plan view
shown in FIG. 2. Inthis example, the sensors 102 are arranged
in a regular grid. Note that the user-touchable portion 101
covers the two dimensional array 200 of the sensors 102, but
is not illustrated in FIG. 2. The grid of sensors 102 can be of
any suitable shape or dimensions to correspond with the
user-touchable portion 101. An alternative two-dimensional
array 300 of sensors 102 is illustrated in FIG. 3, in which the
sensors are more closely packed and not arranged in a regular
grid pattern.

[0035] FIG. 4 illustrates a circuit diagram for the user inter-
face device 100. Each of the sensors 102 is individually
connected to an interface circuit 400. The interface circuit 400
is connected to a processor 401. In the example shown in FIG.
4, the interface circuit 400 comprises a plurality of amplifiers
402 arranged such that each of the sensors 102 is connected to
an input of one of the amplifiers 402. Each of the amplifiers
402 has an output connected to the input of one of a plurality
of analog to digital converters (ADC) 403. An output from
each ofthe ADCs 403 is connected to the processor 401. Note
that the plurality of ADCs 403 can be fabricated on a single
integrated circuit, and the plurality of amplifiers 402 can also
be fabricated on a single integrated circuit.

[0036] In another example, the plurality of ADCs 403 can
bereplaced with a single ADC and a multiplexer, such that the
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multiplexer switches between each of the outputs of the
amplifiers 402 in turn, providing the output signals from the
amplifiers to the single ADC sequentially. Similarly, in a
further example, the outputs from the sensors 102 can be
multiplexed and provided to a single amplifier sequentially.
[0037] Theoperation ofthe user interface device 100 is now
described with reference to FIG. 1 and FIG. 4. In a steady
state, without a user touching the user interface device 100,
the permanent magnets 103 from each of the sensors 102 are
creating a constant magnetic field, and no electrical current is
flowing in the coils of wire 104.

[0038] Whenausertouches the user-touchable portion 101,
as illustrated by the finger 108 in FIG. 1, the flexible mem-
brane 106 is deformed. The deformation of the flexible mem-
brane 106 causes the ferromagnetic fluid in the ferromagnetic
fluid layer 105 to move. The movement of the ferromagnetic
fluid disturbs the magnetic field produced by the permanent
magnet 103 of the sensor below the position of movement. In
other words, the movement of the ferromagnetic fluid modu-
lates the magnetic flux linking the coil of wire 104 in the
sensor below the position of movement. This induces a cur-
rent in the coil of wire 104 of the sensor in question. Note that
a current can be induced in more than one of the sensors 102,
as described in more detail below.

[0039] The induced current in the coil of wire 104 gives rise
to a small output electrical signal from the coil of wire 104.
The output electrical signal is amplified by the corresponding
amplifier 402 for the sensor in question. The amplified elec-
trical signal is converted to a digital value by the correspond-
ing ADC 403, and the digital value is provided to the proces-
sor. Preferably, the ADCs 403 and the processor 401 can be
arranged to rapidly capture the magnitude of the electrical
signal from each of the sensors, such that small delays
between electrical signals from different sensors can be dis-
tinguished. In other words, the sampling rate of the ADCs 403
is preferably sufficiently rapid that short differences in arrival
times of signals from each of the sensors can be discerned.
[0040] The processor analyses the electrical signals from
all of the sensors 102, and upon receiving the electrical signal
from the sensor below the movement, the processor can deter-
mine that movement is occurring in the ferromagnetic fluid in
the location corresponding to that sensor. Therefore, in this
way, the location of the touch by the finger 108 on the user-
touchable portion 101 can be determined.

[0041] In addition, the processor can analyze the magni-
tude of the electrical signal from the sensor below the move-
ment. The magnitude ofthe electrical signal is an indicator of
the acceleration of the touch in the direction substantially
perpendicular to the plane of the surface of the user-touchable
portion 101 (i.e. the direction into the page in FIGS. 2 and 3).
This therefore enables the processor to determine a measure
of the impact force with which the user has depressed the
flexible membrane 106. This is possible as a “harder” impact
force moves the ferromagnetic fluid more rapidly than a
“softer” impact force.

[0042] Inother words, the user interface device 100 is able
to determine information about touch inputs in the x and y
directions (parallel to the plane of the user-touchable portion
101) and also the z direction (perpendicular to the plane of the
user-touchable portion 101).

[0043] Inaddition to determining the position of movement
on the user-touchable portion 101 using the single sensor
below the movement, the user interface device 100 can also
utilize information from the surrounding sensors. For
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example, when touched, a disturbance is caused in the ferro-
magnetic fluid, and because of this the magnetic fields of
sensors surrounding the touched location are disturbed a short
time after the touch. This can be utilized by the processor 401
to more accurately determine the position of the touch. The
processor 401 can detect an initial electrical signal from one
or more sensors, and then subsequent smaller signals from
surrounding sensors after a time delay. The processor 401
uses the relative arrival times of the signals, and interpolates
between them to accurately determine the point of origin of
the touch. This technique can be used to provide a determi-
nation of the position of a touch with a higher resolution than
the spacing of the plurality of sensors 102.

[0044] The relative magnitude of the electrical signals from
multiple sensors can also be used to estimate the size of the
depression in the user-touchable portion 101. For example, if
the user presses the user-touchable portion 101 with the side
of his hand, then this causes movement in the ferromagnetic
fluid above several sensors. The processor 401 can interpret
the substantially simultaneous electrical signals from the sev-
eral sensors in the disturbed region as a large area being
touched. Interpolation between the sensors can be used to
provide an overall impression of the disturbed region. For
example, bi-cubic interpolation can be utilized. Conversely, if
the user lightly depresses the user-touchable portion 101 with
the tip of one fingernail, then this only causes a small, local-
ized disturbance over one sensor, and no disturbance in any
neighboring sensors. This is therefore interpreted by the pro-
cessor 401 as a small point touch. The touch from the tip of an
index finger can cause a large disturbance over one sensor,
and a smaller disturbance over the surrounding sensors,
which can be interpreted by the processor as a “regular” finger
touch.

[0045] Because each of the sensors 102 is providing elec-
trical signals to the processor independently from each other,
the user interface device 100 is able to detect the location ofa
plurality of substantially simultaneous separate touches. This
is known as “multi-touch” capability. Multi-touch capability
enables the user interface device 100 to use multiple fingers to
issue a much larger number of commands to the computer,
using only touches and gestures.

[0046] The user interface device illustrated in FIG. 1 pro-
vides the ability to sense and detect user input on a malleable,
compliant surface. A malleable surface is much more com-
pelling to the user than a hard surface, as the user can feel a
deformation in the surface, and feel a substance moving
beneath his finger, therefore giving a greater sense of physical
feedback and connection with the operation.

[0047] In addition, because the user interface device 100
determines the location of the touch on the basis of physical
movement, the user interface device 100 can be operated by a
user wearing gloves or using an implement such as a stylus or
pen.

[0048] Because the ferromagnetic fluid exhibits a degree of
magnetic attraction, and the sensors 102 in FIG. 1 comprise a
permanent magnet 103, the user interface device 100 can be
arranged to exhibit a degree of hysteresis in the movement of
the ferromagnetic fluid layer 105. In particular, after being
depressed, the ferromagnetic fluid layer 105 does not return
instantly to its previous, flat shape due to the attraction to the
permanent magnets 103. The degree of hysteresis can be
selected by the proximity of the ferromagnetic fluid layer 105
to the permanent magnets 103, the strength of the permanent
magnets 103, and the particular properties of the ferromag-
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netic fluid. The presence of the hysteresis provides the user
with tactile feedback of where on the user-touchable portion
101 they have just touched.

[0049] The ferromagnetic fluid also exhibits other proper-
ties in the presence of a magnetic field, as discussed in more
detail hereinafter. However, the user interface device 100 is
arranged such that the magnetic fields from the sensors 102
are not sufficient to cause these properties to a degree detect-
able to the user.

[0050] Reference is now made to FIG. 5, which illustrates
an alternative example of a user interface device 500 that
detects touch input from a user based on the movement of
ferromagnetic material. The user interface device 500 in FIG.
5 is similar to that in FIG. 1 in that it comprises a user
touchable portion 101 and a plurality of sensors 102 compris-
ing a permanent magnet 103 and a coil of wire 104. However,
in the example shown in FIG. 5, the ferromagnetic material
contained between the flexible membrane 106 and the base
layer 107 is not a fluid, but instead comprises a plurality of
ball bearings 501 made from a ferromagnetic material.
[0051] The operation of the user interface device 500 is
similar to that described above with reference to FIG. 1, and
is connected to the circuit as shown in FIG. 4. When the
flexible membrane 106 on the user-touchable portion 101 is
touched by the user the ball bearings 501 are disturbed and
move. This influences the magnetic field of the sensors in
proximity to the movement, thereby generating an electrical
signal that can be interpreted by the processor as described
above. In alternative examples, the ball bearings 501 can be
located within an open-topped container (i.e. the flexible
membrane 106 of FIG. 5 is not present). In this case the user
interacts directly with the ball bearings 501 to move them
within the container.

[0052] The user interface device 500 provides substantial
tactile feedback to the user. Because the users can clearly feel
the ball bearings 501 moving beneath their fingers, they expe-
rience a much greater physical connection with the computer
with which they are interacting. The tactile characteristics of
the user interface device 500 can be altered by changing the
size of the ball bearings 501. For example, very small bear-
ings (e.g. less than 1 mm diameter) gives the user interface
device 500 a smooth, flowing feeling to the user, whereas
larger ball bearings (e.g. greater than 3 mm diameter) can be
individually felt by the user. The size of the ball bearings 501
can be tailored according to the application for which the user
interface device 500 is intended. In one example, a single
large ball bearing can be rolled around on the base layer 107
by a user, such that the magnetic field of the sensors beneath
the ball bearing is disturbed.

[0053] Referenceis now made to FIG. 6, which illustrates a
further alternative example of a user interface device 600 that
detects touch input from a user based on the movement of
ferromagnetic material. The user interface device 600 in FIG.
6 is similar to that in FIG. 1 in that it comprises a user
touchable portion 101 and a plurality of sensors 102 compris-
ing a permanent magnet 103 and a coil of wire 104. In the
example shown in FIG. 6, the user-touchable portion 101
does not have a ferromagnetic fluid, but instead comprises a
plurality of bristles 601 mounted on a substrate 602.

[0054] The bristles 601 have at least a portion comprising a
ferromagnetic material. In the simplest case, the bristles 601
themselves are made from a ferromagnetic material, for
example ina form similar to a wire brush. In another example,
the bristles can be formed from a softer, more compliant
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material, such as a plastic. In this case, the bristles 601 can, for
example, be impregnated with particles of ferromagnetic
material, have an inner core of ferromagnetic material, or
have a coating of ferromagnetic material.

[0055] The operation of the user interface device 600 is
similar to that described above with reference to FIG. 1, and
is connected to the circuit as shown in FIG. 4. When the
user-touchable portion 101 is touched by the user the bristles
601 are disturbed and move. This influences the magnetic
field of the sensors in proximity to the movement, thereby
generating an electrical signal that can be interpreted by the
processor as described above.

[0056] As with the example in FIG. 5, the user interface
device 600 of FIG. 6 provides substantial tactile feedback as
user can feel the bristles 601 moving beneath their finger. The
tactile characteristics of the user interface device 600 can be
changed by selecting the material, thickness and density of
packing of the bristles 601 in accordance with the application
for which the user interface device 600 is intended.

[0057] Reference is now made to FIG. 7, which illustrates a
yet further alternative example of a user interface device 700
that detects touch input from a user based on the movement of
ferromagnetic material. The user interface device 700 in FIG.
7 is similar to that in FIG. 1 in that it comprises a user
touchable portion 101 and a plurality of sensors 102 compris-
ing a permanent magnet 103 and a coil of wire 104. However,
in the example shown in FIG. 5, the ferromagnetic material
contained between the flexible membrane 106 and the base
layer 107 is not a fluid, but instead comprises iron filings 701
or other similar irregular solid particles made from a ferro-
magnetic material. In addition, the thickness of the layer of
iron filings 701 is greater than that of the ferromagnetic fluid
layer 105 of FIG. 1.

[0058] The operation of the user interface device 700 is
similar to that described above with reference to FIG. 1, and
is connected to the circuit as shown in FIG. 4. When the
flexible membrane 106 on the user-touchable portion 101 is
touched by the user the iron filings 701 are disturbed and
move. This influences the magnetic field of the sensors in
proximity to the movement, thereby generating an electrical
signal that can be interpreted by the processor as described
above.

[0059] Because of the thickness of the layer of iron filings
701, the user interface device 700 has different tactile char-
acteristics to those described above. In particular, the user-
touchable portion is able to be pinched, squeezed and molded
by the user. The iron filings 701 can also be arranged to
remain in the shape molded by the users. This type of user
interface device 700 can be of particular use when the user is
interacting with and manipulating objects in three-dimen-
sional virtual environments.

[0060] Each of the examples above was described with
reference to sensors 102 comprising permanent magnets 103
and coils of wire 104. In other examples, other types of sensor
capable detecting the movement of ferromagnetic materials
can be used. For example, a micro-electro mechanical system
(MEMS) magneto sensor or a hall-effect sensor can be used,
and can be made more compact than pick-up coils. The size
and density of the sensors can be determined in accordance
with the desired spatial resolution of the user interface device
100. Such alternative sensors can be used with any of the
ferromagnetic materials discussed above.

[0061] Reference is now made to FIG. 8, which illustrates a
user interface device 800 that is arranged to provide a haptic
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output to the user of the device using a ferrofluid. Haptic is
taken here to mean pertaining to the sense of touch.

[0062] The user interface device 800 comprises a user-
touchable portion 801, below which is a plurality of electri-
cally switchable magnets 802. The electrically switchable
magnets 802 in the example of FIG. 8 are electromagnets
comprising a core 803 around which is wound a coil of wire
804. Preferably, the core 803 is made of a ferromagnetic
material, although in other examples the core 803 can be
omitted.

[0063] The user-touchable portion 801 comprises a ferrof-
luid layer 805 located between a compliant, flexible mem-
brane 806 forming the surface of the user-touchable portion
801, and a base layer 807. The base layer 807 can be formed
from the same compliant material as the flexible membrane
806, or can be formed from a different, more rigid material.
Preferably, the ferrofluid layer is between 1 mm and 4 mm
thick.

[0064] Inthe example shown in FIG. 8, the user-touchable
portion 801 is mounted directly on top of the electrically
switchable magnets 802. In other examples, a gap can be
present between the user-touchable portion 801 and the elec-
trically switchable magnets 802, or other hardware can be
located between the user-touchable portion 801 and the elec-
trically switchable magnets 802, such as input sensing
devices and/or a display.

[0065] As stated above, ferrofiuid (as present in the ferrof-
luid layer 805) is a colloidal mixture comprising nanometer
scale ferromagnetic particles suspended in a carrier fluid.
Ferrofluids exhibit particular properties when exposed to a
sufficiently strong magnetic field. When a magnetic field is
applied to ferrofluid the ferromagnetic particles align them-
selves with the lines of magnetic flux forming a localized
raised region on the surface of the ferrofluid. If the magnetic
field is strong enough, a pattern of regular corrugations (in the
form of spiky bumps) are formed on the surface of the ferrof-
luid.

[0066] The plurality of electrically switchable magnets 802
can be arranged in a two dimensional array 900, as illustrated
in the example plan view shownin FIG. 9. In this example, the
electrically switchable magnets 802 are arranged in a regular
grid. Note that the user-touchable portion 801 covers the two
dimensional array 900 of the electrically switchable magnets
802, but is not illustrated in FIG. 2. The grid of electrically
switchable magnets 802 can be of any suitable shape or
dimensions to correspond with the user-touchable portion
801. An alternative two-dimensional array 1000 of electri-
cally switchable magnets 802 is illustrated in FIG. 10, in
which the sensors are more closely packed and not arranged
in a regular grid pattern.

[0067] FIG. 11 illustrates a circuit diagram for the user
interface device 800. Each of the electrically switchable mag-
nets 802 is individually connected to an interface circuit 1100.
The interface circuit 1100 is connected to a processor 1101. In
the example shown in FIG. 11, the interface circuit 1100
comprises a plurality of driving elements 1102, of which each
one has an output connected to one of the electrically swit-
chable magnets 802. The driving elements 1102 can com-
prise, for example, power transistors or field effect transistors.
The driving elements 1102 are arranged to energize the elec-
trically switchable magnets 802 with a given polarity and
magnitude.

[0068] Optionally, the interface circuit 1100 further com-
prises a plurality of digital to analog converters (DAC) 1103.
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Each of the driving elements 1102 has an input connected to
one of a plurality of DACs 1103, and each of the DACs 1103
has an input connected to the processor. The provision of
DACs 1103 in the interface circuit 1100 enables the electri-
cally switchable magnets 802 to be provided with a control-
lable analog voltage level such that the magnitude of the
magnetic field produced by the electrically switchable mag-
nets 802 can be controlled. Note that the plurality of DACs
1103 can be fabricated on a single integrated circuit.

[0069] In other examples, the DACs 1103 can be omitted,
and the electrically switchable magnets 802 can be driven
either on or off by the driving elements 1102 using digital
signals from the processor 1101. In another example, an
alternative technique for driving the electrically switchable
magnets 802 with a variable strength can be used that does not
require DACs, such as pulse width modulation.

[0070] Theoperation ofthe user interface device 800 is now
described with reference to FIG. 8 and FIG. 11. In a steady
state, without any output commands from the processor 1101,
the user-touchable portion 801 remains flat.

[0071] When the processor determines that haptic feedback
is to be provided to a specific part of the user-touchable
portion 801, it issues a command to activate at least one
specific electrically switchable magnet 802. This comprises
sending digital data from the appropriate output of the pro-
cessor 1101. The digital data represents a particular analog
voltage amplitude, and the respective DAC 1103 converts the
digital data into the analog voltage. The analog voltage is
provided to the respective driving element 1102, which ener-
gizes the electrically switchable magnet 802 with a driving
signal having a polarity and magnitude in accordance with the
analog voltage.

[0072] When one of the electrically switchable magnets
802 is energized, a magnetic field is produced. The magnetic
field flows through the ferrofluid layer 805, and this causes the
ferrofluid to react, as illustrated in FIG. 12. A raised surface
region 1200 is created on the surface of the ferrofluid above
the electrically switchable magnet 802 that has been acti-
vated. A user touching the surface of the user-touchable por-
tion 801 is able to detect the presence of the raised surface
region on the ferrofluid layer 805. The flexible membrane 806
is sufficiently compliant for the user to feel the raised surface
region through the flexible membrane 806.

[0073] Therefore, the user interface device 800 shown in
FIG. 8 is able to computationally control the physical shape of
a surface, thus enabling a technique for providing haptic/
tactile feedback to a user. As well as driving a single electri-
cally switchable magnet 802, the processor 1101 can also
control the substantially simultaneous driving of multiple
electrically switchable magnets 802, each with the same or
different polarities and magnitudes.

[0074] For example, the processor 1101 can control the
activation of the electrically switchable magnets 802 to cause
the surface of the ferrofluid layer 805 to comprise an array of
bumps by driving each of the electrically switchable magnets
802 with the same polarity. Alternatively, larger raised areas
can be created by driving alternate electrically switchable
magnets 802 with different polarities, which causes the mag-
netic fields from the electrically switchable magnets 802 to
combine across multiple magnets. Because the physical sur-
face topology of the user interface device 800 can be com-
puter controlled meaningful haptic feedback can be provided
to the user. For example, the processor 1101 can create the
feeling of boundaries or shapes on the user-touchable portion
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801, which can mirror those visually displayed to the user on
a display. Furthermore, if a graphical user interface is pro-
jected onto the touchable surface, then a direct mapping can
be present between the visual output and the haptic output.
[0075] The user-touchable portion 801 can be controlled to
have localized vibrations that can be felt by a user touching
the user interface device 800 by controlling the driving ele-
ments 1102 to modulate the drive signal to the electrically
switchable magnets 802. The frequency of modulation can be
changed in order to change the way that the vibration feels to
the user, for example between 10 Hz and 500 Hz.

[0076] By controlling the magnitude of the driving signal,
the size of the raised surface region can be controlled by the
processor. This can be utilized to provide additional haptic
feedback to the user. This can also be utilized to provide the
feeling of'a moving raised region to the user by, for example,
decreasing the magnitude of the drive signal to one electri-
cally switchable magnet whilst increasing the drive signal to
a neighboring electrically switchable magnet, thereby giving
the impression to the user that the raised region is smoothly
moving across the surface.

[0077] Whenauser pushes down onactuated ferrofluid (i.e.
ferrofluid in the presence of a magnetic field) the tactile
feeling for the user is similar to that of pushing two repelling
magnetic poles together. By increasing or decreasing the
strength of the magnetic field from the electrically switchable
magnets, the feeling of repulsion can be made stronger or
weaker (respectively). Hence the surface can be made to feel
softer or harder to the user. This enables the creation of a user
interface which has a texture, hardness and/or compliance
which varies across its surface.

[0078] Reference is now made to FIG. 13, which illustrates
an alternative user interface device 1300 having a different
arrangement of electrically switchable magnets for producing
haptic feedback. The user interface device 1300 comprises a
user touchable portion 801 having a ferrofluid layer 805 con-
tained between a flexible membrane 806 and a base layer 807,
as described with reference to FIG. 8. The user interface
device 1300 is connected to a circuit such as illustrated in
FIG. 11.

[0079] Theuser interface device 1300 comprises a plurality
of electrically switchable magnets 1301 having a shared core
1302. The shared core has a comb-like shape, with coils of
wire 1303 wound between the “teeth”. When a coil of wire
1303 has a current flowing through it, the two “teeth” either
side of the coil of wire 1303 act like a U-shaped horseshoe
magnet. Each individual electrically switchable magnet 1301
can therefore be driven and acts much as described above with
reference to FIG. 8. In addition, because the core is shared
between electrically switchable magnets 1301, the electri-
cally switchable magnets 1301 act more like a single larger
magnet when a plurality of the coils of wire 1303 are ener-
gized. Furthermore, the electrically switchable magnet 1301
arrangement shown in FIG. 13 can be constructed to be more
compact than discrete electromagnets.

[0080] The haptic user interface devices as illustrated in
FIGS. 8 and 13 are shown with planar user-touchable portions
801. However, such user interface devices can also have non-
planar user touchable surfaces incorporating the haptic feed-
back. For example, the haptic user interface can be integrated
with a pointing device such as a mouse, such that the user-
touchable portion is wrapped over the surface of the mouse,
allowing haptic feedback to be felt by the user whilst using the
mouse an input device. Other non-planar applications for the
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haptic user interface device include for example steering
wheels for vehicles, computer game controllers, or the flex-
ible skin of a robot pet which can provide feedback in
response to a touch.

[0081] Reference is now made to FIG. 14, which illustrates
a user interface device 1400 that combines the input sensing
of'the type described above with reference to FIG. 1 with the
haptic output of the type described with reference to FIG. 8.
The user interface device 1400 comprises a user-touchable
portion 1401, below which is a plurality of sensors 1402 and
a plurality of electrically switchable magnets 1403.

[0082] The user-touchable portion 1401 comprises a ferro-
magnetic fluid layer 1404 located between a compliant, flex-
ible membrane 1405 forming the surface of the user-touch-
able portion 1401, and a base layer 1406. The base layer 1406
can be formed from the same compliant material as the flex-
ible membrane 1405, or can be formed from a different, more
rigid material.

[0083] Preferably, the ferromagnetic fluid layer 1404 com-
prises a ferrofiuid, as described hereinbefore. In an alternative
example, the ferromagnetic fluid layer 1404 comprises a
magnetorheological fluid. Magnetorheological fluids act dif-
ferently to ferrofluids in the presence of a magnetic field.
Rather than causing a raised surface region (as is the case with
ferrofluids), the presence of a magnetic field causes an
increase in viscosity in the magnetorheological fluid at the
location of the magnetic field. This increase in viscosity can
be detected by the touch of a user.

[0084] Inthe example shown in FIG. 14, the user-touchable
portion 1401 is mounted directly on top of the sensors 1402.
In other examples, a gap can be present between the user-
touchable portion 1401 and the sensors 1402, or other hard-
ware can be located between the user-touchable portion 1401
and the sensors 1402, such as a display.

[0085] The plurality of sensors 1402 and the plurality of
electrically switchable magnets 1403 resemble those
described above with reference to FIGS. 1 and 8, respectively.
However, the plurality of sensors 1402 and the plurality of
electrically switchable magnets 1403 are mounted on shared
cores 1407. Each of the sensors 1402 comprises a sensor coil
1408 wound around one of the shared cores 1407, and each of
the electrically switchable magnets 1403 comprises a magnet
coil 1409 wound around one of the shared cores 1407.
[0086] The shared cores 1407 can comprise permanent
magnets in order to provide a magnetic field for the sensor
coils 1408, such that disturbances in the magnetic field caused
by movement in the ferromagnetic fluid layer 1404 are
detected by the sensor coils 1408. In an alternative example,
the shared cores 1407 do not comprise a permanent magnet,
but instead the electrically switchable magnets 1403 can be
driven at a low level whenever the device is in operation, in
order to provide a magnetic field in which the sensor coils can
detect changes.

[0087] Because each of the sensors 1402 shares a common
core with one of the electrically switchable magnets 1403, the
spatial packing density of the sensors 1402 and electrically
switchable magnets 1403 is not significantly reduced in a
combined user interface device 1400 compared to, for
example, FIG. 9 or 10. This is shown illustrated in the plan
view of an array 1500 of the sensors 1402 and electrically
switchable magnets 1403 in FIG. 15.

[0088] Each ofthe plurality of sensors 1402 is connected to
a circuit similar to that shown in FIG. 4. Each of the plurality
of electrically switchable magnets 1403 is connected to a
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circuit similar to that shown in FIG. 11. Note that the proces-
sors 401 and 1101 in FIGS. 4 and 11 can be implemented
using a single processor in this example.

[0089] The operation of the user interface device 1400 for
detecting the location of touch inputs from the user is similar
to that described above with reference to FIG. 1. In addition,
the operation of the user interface device 1400 for producing
haptic output is similar to that described above with reference
to FIG. 8.

[0090] Therefore, a user can touch the user-touchable por-
tion 1401, and the movement in the ferromagnetic fluid layer
1404 induces a current in the sensor coils 1408 in proximity to
the movement, which can be analyzed by the processor and
the location determined. In addition, the processor can con-
trol the magnet coils 1409 in order to produce haptic feedback
on the user touchable portion.

[0091] The touch input and haptic output aspects can there-
fore be operated independently in the user interface device
1400. However, because of the proximity of the sensors 1402
to the electrically switchable magnets 1403, changes in the
magnetic field around the sensor coils 1408 occur when a
sufficiently close magnet coil 1409 is energized or de-ener-
gized. The result of this is that a current is induced in one or
more of the sensor coils 1408 when one or more of the magnet
coils 1409 are activated or deactivated. This is akin to mag-
netic interference between the electrically switchable mag-
nets 1403 and the sensors 1402. However, because of the fixed
nature of the array 1500 of sensors 1402 and the electrically
switchable magnets 1403, the amount of current that is
induced in the sensors can be predicted by the processor, and
cancelled from the electrical signals from each of the sensors
1402.

[0092] The processor can perform the cancellation opera-
tion by estimating the effect on the electrical signal produced
by a given sensor when a current is induced by the activation
of given magnet coil. This can be achieved by modeling the
behavior of the system in advance in order to ascertain the
parameters (such as magnitude and rate of change) of the
electrical signal produced by the sensor in question when a
given electrically switchable magnet is activated. In addition,
periodic self tests of the user interface device 1400 can also be
performed by the processor, such that the electrically switch-
able magnets are activated and deactivated in a specific
sequence while the user is not touching the device, and the
resultant electrical signals from each sensor is sampled and
recorded.

[0093] Once the effect on the electrical signals from the
sensors 1402 as a result of activating (or deactivating) any
given electrically switchable magnet (or combination of elec-
trically switchable magnets) is known, then the processor can
cancel this from the electrical signals received. This can be
achieved by subtracting the expected magnitude of the inter-
ference signal at a given time from the electrical signal
received from the sensors 1402.

[0094] The accuracy of the cancellation operation can be
further improved by taking into account factors that change
the magnetic fields produced by the electrically switchable
magnets 1403 over time. For example, the temperature of the
magnet coils 1409 affects the resistance in the wire, and this
therefore affects the magnetic field produced, and hence the
amount of current induced in the sensors 1402. The effect of
this can be counteracted by monitoring the current flowing to
each of the electrically switchable magnets 1403 when it is
activated using a current probe circuit, and providing this data
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to the processor. The processor can use this current data to
calibrate the estimated interference on the sensors 1402.
[0095] In an alternative example, temperature probes can
be placed on the magnet coils 1409 to monitor their tempera-
ture, and provide temperature data to the processor. The pro-
cessor can use this temperature data to calibrate the estimated
interference on the sensors 1402. Alternatively, more frequent
self-tests of the user interface device 1400 can be performed
ifitis determined by the processor that the cancellation opera-
tion is becoming inaccurate.

[0096] The presence of the electrically switched magnets
1403 can also be used to improve the operation of the touch-
input detection. If a user touches the user-touchable portion
1401, the ferromagnetic fluid layer is moved, and a current is
induced in the relevant sensors 1402. However, if the user
then maintains his finger perfectly motionless, then no further
current is induced. This can erroneously lead the processor to
determine that the user is not touching the user interface
device 1400.

[0097] To avoid this, the processor can be arranged to send
one or more pulses into the ferromagnetic fluid, by energizing
one or more of the electrically switchable magnets 1403. The
processor can predict the effect that such a pulse has on the
electrical signals from the sensors 1402 (e.g. through prior
modeling or self-tests similar to those described above).
However, in the location where a motionless finger is located
the effect on the sensors is different to that predicted, due to
the difference in the thickness of the ferromagnetic fluid in the
presence of the user’s finger. The processor can use this dis-
crepancy to determine that a motionless touch input is present
at that particular location. The processor can be arranged to
periodically send such pulses through the ferromagnetic
fluid, or can be arranged to do so only when the processor has
“lost” the location of the user’s finger.

[0098] The ability to provide haptic feedback on the same
user interface device that is used to detect touch-based input
enables more accurate and engaging interaction between a
user and a computer. In particular, haptic feedback can be
applied responsive to certain detected touch-based inputs
and/or responsive to a particular application that the user
interface device is controlling. For example, the user interface
device 1400 can generate virtual buttons, boundaries, con-
trols and shapes with which the user can interact as they
provide touch input.

[0099] For example, the user can use the user interface
device 1400 to move a cursor around a display and select
controls and buttons. When the user has placed the cursor over
a button, the processor can control the electrically switchable
magnets to create a boundary around the location of the user’s
finger, so that the user can physically feel where he can press
to activate the button. The user can then depress the flexible
membrane 1405 to activate the virtual button. This is illus-
trated in FI1G. 14, where the processor has created a boundary
made of raised bumps 1410 on the surface of the ferromag-
netic fluid layer 1404. The user’s finger 1411 can feel the
boundary, and activate the virtual button by depressing the
region surrounded by the boundary.

[0100] Inanother example, the region under the user’s fin-
ger can be made to vibrate by modulating the drive signals to
the electrically switchable magnets 1403. The user can move
acursor around a display using the user interface device 1400,
and when the cursor passes over a button or other activatable
control, the processor causes the region under the user’s fin-
ger to vibrate. The user therefore feels a “buzz” whenever he
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draws the cursor over an activatable control, which increases
the feeling of engagement with the computer, and also
increases the ease of use as the user clearly knows which
regions of the display are activatable.

[0101] Inanother example, haptic feedback can be used to
indicate an error condition. For example, if the user attempts
to click on a region of the display that does not contain an
activatable control, then the region under the user’s finger can
be made to vibrate with a particular frequency to indicate that
this is not a possible action. Alternatively, the region under the
user’s finger can be raised or hardened, such that the user-
touchable portion is no longer compliant, indicating that this
region cannot be selected or clicked.

[0102] Reference is now made to FIG. 16, which illustrates
a plan view of an alternative array 1600 of sensors 1601 and
electrically activatable magnets 1602. In this alternative array
1600, the sensors 1601 and electrically activatable magnets
1602 do not share acommon core, but instead are separate and
interleaved. The sensors 1601 are located in gaps formed by
the arrangement of the electrically activatable magnets 1602
in a grid. This is possible because the sensors 1601 can be
made small relative to the electrically activatable magnets
1602. This arrangement maintains the spatial packing density
of'the electrically activatable magnets 1602 compared to FIG.
15.

[0103] The example shown in FIG. 16 operates in a similar
manner to that described above with reference to FIG. 14.
Cancellation of electrical signals induced in the sensors 1601
by the activation or deactivation of one or more of the elec-
trically switchable magnets 1602 can be performed in a simi-
lar manner. Analysis of the relative arrival times of signals
between sensors can be performed as described above, if a
greater spatial input resolution is desired than that provided
by the spacing of the sensors 1601.

[0104] Note that in other examples, any suitable arrange-
ment of sensors and electrically activatable magnets can be
used. Note also that in any of the previously described
examples, sensors that utilize coils of wire can be replaced
with MEMS magneto sensors, hall-effect sensors, or any
other sensor suitable for sensing movement of a ferromag-
netic material.

[0105] In the examples described hereinbefore, for touch-
input user interface devices (such as device 100 in FIG. 1),
haptic feedback user interface devices (such as device 800 in
FIG. 8), and combined user interface devices (such as device
1400 in FIG. 14) a ferromagnetic fluid can be used as part of
the user-touchable portion. As stated, the ferromagnetic fluid
is contained between the flexible membrane and the base
layer. This can be in the form of ferromagnetic fluid held
within a non-pressurized bag. However, in order to control or
restrain the movement of the fluid, the ferromagnetic fluid
between the flexible membrane and the base layer can be
suitably pressurized.

[0106] Furthermore, in another example, the ferromagnetic
fluid layer can be divided up into a number of cells or “pock-
ets”, each holding a quantity of ferromagnetic fluid. This
limits the gross movement of the ferromagnetic fluid within
the ferromagnetic fluid layer, and can enable the user inter-
face devices to be used in non-horizontal applications without
the ferromagnetic fluid sinking under gravity to one side of
the user touchable portion.

[0107] The movement of the ferromagnetic fluid within the
user touchable portion can also be controlled by providing a
deformable porous substrate, such as a foam or sponge,
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within the ferromagnetic fluid layer. The deformable porous
substrate is saturated with ferromagnetic fluid, such that it
still behaves as described above, but the overall movement of
the ferromagnetic fluid is restricted. The porosity of the
deformable porous substrate can be selected in accordance
with the desired amount of movement of the ferromagnetic
fluid.

[0108] FIG. 17 illustrates various components of an exem-
plary computing-based device 1700 which may be imple-
mented as any form of a computing and/or electronic device,
and in which embodiments of a ferromagnetic user interface
device may be implemented.

[0109] The computing-based device 1700 comprises one or
more ferromagnetic user interface devices 1701, such as
those described hereinbefore.

[0110] Computing-based device 1700 also comprises one
or more processors 1702 which may be microprocessors,
controllers or any other suitable type of processors for pro-
cessing computing executable instructions to control the
operation of the ferromagnetic user interface device. Platform
software comprising an operating system 1703 or any other
suitable platform software may be provided at the computing-
based device to enable application software 1704 to be
executed on the device.

[0111] The computer executable instructions may be pro-
vided using any computer-readable media, such as memory
1705. The memory is of any suitable type such as random
access memory (RAM), a disk storage device of any type such
as a magnetic or optical storage device, a hard disk drive, or a
CD, DVD or other disc drive. Flash memory, EPROM or
EEPROM may also be used.

[0112] An output is also provided such as an audio and/or
video output to a display system integral with or in commu-
nication with the computing-based device. The display sys-
tem may provide a graphical user interface via a display
interface 1706, or other user interface of any suitable type
although this is not essential.

[0113] The term ‘computer’ is used herein to refer to any
device with processing capability such that it can execute
instructions. Those skilled in the art will realize that such
processing capabilities are incorporated into many different
devices and therefore the term ‘computer’ includes PCs, serv-
ers, mobile telephones, personal digital assistants and many
other devices.

[0114] The methods described herein may be performed by
software in machine readable form on a tangible storage
medium. The software can be suitable for execution on a
parallel processor or a serial processor such that the method
steps may be carried out in any suitable order, or substantially
simultaneously.

[0115] This acknowledges that software can be a valuable,
separately tradable commodity. It is intended to encompass
software, which runs on or controls “dumb” or standard hard-
ware, to carry out the desired functions. It is also intended to
encompass software which “describes” or defines the con-
figuration of hardware, such as HDL (hardware description
language) software, as is used for designing silicon chips, or
for configuring universal programmable chips, to carry out
desired functions.

[0116] Those skilled in the art will realize that storage
devices utilized to store program instructions can be distrib-
uted across a network. For example, a remote computer may
store an example of the process described as software. A local
or terminal computer may access the remote computer and
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download a part or all of the software to run the program.
Alternatively, the local computer may download pieces of the
software as needed, or execute some software instructions at
the local terminal and some at the remote computer (or com-
puter network). Those skilled in the art will also realize that
by utilizing conventional techniques known to those skilled in
the art that all, or a portion of the software instructions may be
carried out by a dedicated circuit, such as a DSP, program-
mable logic array, or the like.

[0117] Any range or device value given herein may be
extended or altered without losing the effect sought, as will be
apparent to the skilled person.

[0118] It will be understood that the benefits and advan-
tages described above may relate to one embodiment or may
relate to several embodiments. The embodiments are not lim-
ited to those that solve any or all of the stated problems or
those that have any or all of the stated benefits and advantages.
It will further be understood that reference to ‘an’ item refers
to one or more of those items.

[0119] The steps of the methods described herein may be
carried out in any suitable order, or simultaneously where
appropriate. Additionally, individual blocks may be deleted
from any ofthe methods without departing from the spirit and
scope of the subject matter described herein. Aspects of any of
the examples described above may be combined with aspects
of any of the other examples described to form further
examples without losing the effect sought.

[0120] The term ‘comprising’ is used herein to mean
including the method blocks or elements identified, but that
such blocks or elements do not comprise an exclusive list and
a method or apparatus may contain additional blocks or ele-
ments.

[0121] It will be understood that the above description of a
preferred embodiment is given by way of example only and
that various modifications may be made by those skilled in the
art. The above specification, examples and data provide a
complete description of the structure and use of exemplary
embodiments of the invention. Although various embodi-
ments of the invention have been described above with a
certain degree of particularity, or with reference to one or
more individual embodiments, those skilled in the art could
make numerous alterations to the disclosed embodiments
without departing from the spirit or scope of this invention.

1. A user interface device, comprising:

a plurality of sensors;

a processor;

an interface circuit connected to the sensors and arranged

to provide electrical signals from each of the sensors to
the processor; and

a user-touchable portion comprising a movable ferromag-

netic material positioned relative to the plurality of sen-
sors such that movement of the ferromagnetic material
by a user causes a change in the electrical signals from at
least one of the sensors,

wherein the processor is arranged to analyze the electrical

signals from each of the sensors and determine the loca-
tion of the movement on the user-touchable portion.

2. A user interface device as claimed in claim 1, wherein
each of the sensors comprises a sensor coil and a magnetic
core.

3. A user interface device as claimed in claim 1, wherein
each of'the sensors comprises a micro-electromechanical sen-
sor or a hall-effect sensor.
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4. A user interface device as claimed in claim 1, wherein the
sensors are arranged in a two-dimensional array.
5. A userinterface device as claimed in claim 4, wherein the
processor is arranged to determine the location of the move-
ment in a plane substantially parallel to the two-dimensional
array and the acceleration of movement substantially perpen-
dicular the two-dimensional array.
6. A user interface device as claimed in claim 1, wherein the
movable ferromagnetic material comprises a ferromagnetic
fluid layer.
7. A user interface device as claimed in claim 6, wherein the
ferromagnetic fluid layer comprises a magnetorheological
fluid.
8. A userinterface device as claimed in claim 6, wherein the
ferromagnetic fluid layer comprises a ferrofluid.
9. A user interface device as claimed in claim 6, wherein the
ferromagnetic fluid is held within a deformable porous sub-
strate.
10. A user interface device as claimed in claim 1, wherein
the movable ferromagnetic material comprises at least one of:
one or more ball bearings; iron filings; and ferromagnetic
bristles.
11. A user interface device as claimed in claim 1, wherein
the interface circuit comprises a plurality of amplifiers, each
connected to one of the plurality of sensors, and at least one
analogue to digital converter connected to the plurality of
amplifiers.
12. A user interface device, comprising:
a plurality of electrically switchable magnets;
a processor;
an interface circuit connected to the processor and each of
the electrically switchable magnets, and arranged to
activate one or more of the electrically switchable mag-
nets responsive to a command from the processor; and

auser-touchable portion comprising a ferroftuid layer posi-
tioned relative to the electrically switchable magnets
such that activation of one or more of the electrically
switchable magnets causes a raised surface region on the
ferrofluid layer which is detectable by the touch of a
user.

13. A user interface device as claimed in claim 12, wherein
the processor is arranged to activate the electrically switch-
able magnets in a sequence so as to move the raised surface
region on the ferrofluid layer.

14. A user interface device as claimed in claim 12, wherein
the processor is arranged to modulate the activation of the
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electrically switchable magnets so as to cause the raised sur-
face region on the ferrofluid layer to vibrate.

15. A user interface device as claimed in claim 12, wherein
the electrically switchable magnets are arranged in a two-
dimensional array.

16. A user interface device as claimed in claim 12, wherein
the electrically switchable magnets are electromagnets.

17. A user interface device, comprising a plurality of sen-
SOrs;

a plurality of electrically switchable magnets;

a processor;

a first interface circuit connected to the sensors and
arranged to provide electrical signals from each of the
sensors to the processor;

a second interface circuit connected to the processor and
each of the plurality of electrically switchable magnets,
and arranged to activate one or more of the electrically
switchable magnets responsive to a command from the
processor; and

a user-touchable portion comprising a ferromagnetic fluid
layer,

wherein the plurality of sensors is positioned relative to the
ferromagnetic fluid layer such that movement of the
ferromagnetic fluid by a user causes a change in the
electrical signals from at least one of the sensors, and the
plurality of electrically switchable magnets is posi-
tioned relative to the ferromagnetic fluid layer such that
activation of one or more of the electrically switchable
magnets causes a change in the ferromagnetic fluid layer
which is detectable by the touch of a user, and

wherein the processor is arranged to analyze the electrical
signals from each of the sensors, determine the location
of movement on the user-touchable portion, and activate
one or more of the electrically switchable magnets
responsive thereto.

18. A user interface device as claimed in claim 17, wherein
each sensor in the plurality of sensors is mounted on a shared
core with a respective electrically switchable magnet from the
plurality of electrically switchable magnets.

19. A user interface device as claimed in claim 17, wherein
the sensors and the electrically switchable magnets are inter-
leaved in a two-dimensional array.

20. A user interface device as claimed in claim 17, wherein
the processor is arranged to estimate and cancel an interfering
electrical signal caused in one or more sensors by the activa-
tion of one or more of the electrically switchable magnets.
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